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ABSTRACT 
 
Toxmatch is a software tool that provides a means of grouping chemical substances 
according to various measures of chemical similarity. It is designed to support the 
formation of chemical categories and the application of read-across within the hazard 
and risk assessment of chemicals. Such a tool will be useful for scientific researchers, 
for end-users in industry, for regulatory authorities, and for the EU Chemicals 
Agency. 
 
Toxmatch was developed by Ideaconsult Ltd (Sofia, BG) under the terms of a JRC-
ECB contract. It is a flexible user-friendly, computer-based open source application 
which is accessible via internet. It encodes and applies a range of different structural 
and descriptor based chemical similarity indices. The novelty of this software lies in 
its ability to calculate similarity measures that are tailored for specific 
activities/toxicities. Thus, relevant chemical representations can be selected for a 
given activity and the chemicals of interest can hence be classified into toxicity 
classes.  
 
The present document summarises the beta testing of Toxmatch, reporting general 
comments and suggestions for further improvement. 
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1. Background to the project 
Toxmatch was developed as a result of a proposal approved within the JRC 
Innovation Project Competition in 2005. The aim of the project proposal was to 
develop the prototype of a software tool for supporting the risk assessment of 
chemical substances. Such a tool will be useful for scientific researchers, for end-
users in industry, for regulatory authorities, and in the future EU Chemicals Agency. 
 This tool will be especially useful in views of the forthcoming REACH 
legislation, which will result in some 30,000 chemicals requiring evaluation for 
toxicity, ecotoxicity and environmental fate, over a period of 11 years [1]. For reasons 
of cost, practicality, and animal welfare, this assessment exercise cannot be achieved 
by applying traditional test methods. To address this issue, the REACH proposal 
foresees greater use of in silico approaches, such as (Quantitative) Structure-Activity 
Relationships [Q)SARs], read across and chemical categories. Analyses carried out by 
ECB have shown that these non-testing approaches can provide an efficient means of 
obtaining the required information on chemicals while reducing testing costs and the 
amount of (animal) testing necessary [2]-[3].  
 The chemical grouping approach is based on the premise that, for a given 
chemical property, the experimental data for one chemical can be used to predict the 
same property for a similar chemical. This is called ‘read-across’ and is useful when 
reliable indicators of chemicals similarity are used. Furthermore, the grouping of three 
or more similar chemicals into a ‘chemical category’ allows for multiple ways of 
predicting the unknown properties of chemicals (i.e. filling the data gaps). However, 
the scientific basis of grouping methods is only partially developed, and tools are 
urgently needed to apply such methods for the purposes of REACH. This was 
concluded in a recent multi-stakeholder evaluation of the workability of the REACH 
legislation [4]. The overall objective of the proposal for the software development was 
to contribute to the science of chemical similarity and to provide an internet-
accessible and user-friendly tool for classification of chemical substances into 
chemical categories. Due to the partially-developed state of the science, and the 
absence of such a computer-based tool, this project adds significant scientific and 
technological value. 
 Some guidance on how to group chemicals has been developed by the OECD 
[5], and some examples of chemical categories are provided by the US EPA [6]. The 
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OECD guidance is written at a very general level, referring to the main steps that 
Industry needs to consider when developing a category proposal for regulatory 
consideration. However, the guidance does not give detailed, practical advice on how 
to formulate a category (e.g. specifying what information is necessary, which methods 
should be applied, and what tools would facilitate the process). Furthermore, the 
OECD guidance does not explain how to interpret chemical similarity in a context-
dependent and scientifically-meaningful way. In fact, an active field of research in 
QSAR is dedicated to this very question. More recently, the ECB has been following 
developments in this field and has provided a more practical guidance on how to 
formulate and use chemical categories [7]-[8]. ECB is also carrying out some novel 
research to identify and evaluate quantitative measures of chemical similarity 
applicable to specific regulatory endpoints. 
  
The proposed approach to deal with these issues was to develop the prototype 
of a user-friendly, internet-accessible, computer-based tool that could enable 
stakeholders to group chemicals within their own databases, or within a regulatory 
inventory of chemicals, such as the EINECS list of existing EU substances. To code 
the software tool a bid for tender was launched. Nina Jeliazkova (Ideaconsult Ltd., 
Sofia, Bulgaria) was the external contractor selected to develop the similarity tool on 
behalf of ECB as a part of the exploratory research project.  
 The project involved research to develop concepts and methods for assessing 
similarity, as well as the coding of new software to implement the methods for 
transparent use by the non-specialised user. By making the software tool readily 
available, the JRC will promote a consistent approach to grouping by stakeholders 
involved in chemical risk assessment process. This is crucial for the harmonised 
implementation of EU legislation across the Member States. The successful provision 
of such a tool will also enhance the visibility of the JRC, and demonstrate its 
commitment to providing technical support to the future Chemicals Agency. 
 
 The end-users of the final product will be: a) industrial companies in the EU, 
who will be required to register chemicals under the REACH legislation, and who will 
need a tool for grouping similar chemicals; b) EU regulators in the Competent 
Authorities responsible for the implementation of REACH, who will need to review 
the registration dossiers submitted by Industry; c) the future Chemicals Agency, 
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which will need a tool to explore groupings of chemicals produced by multiple 
industries, with a view to putting different companies in touch with each other, so that 
they could form consortia that pool their data; and d) scientific researchers.  
 The JRC retains the intellectual property rights of the tool, but as an open-
source software application, it is made freely available via the ECB website [9].  
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2. Description of the software 
Toxmatch (Ideaconsult Ltd.) is a flexible and user-friendly open source application 
specifically commissioned by ECB, which encodes and applies a range of different 
structural and descriptor based chemical similarity indices. The novelty of this 
software lies in its ability to calculate similarity measures that are tailored for specific 
activities/toxicities. Thus, relevant chemical representations can be selected for a 
given activity and the chemicals of interest can hence be classified into toxicity 
classes.  
Toxmatch is aimed at performing standard calculations of pairwise similarity 
measures using a wide range of different similarity indices. Furthermore, it also 
allows the prediction of an endpoint on the basis of similarity measures, the 
classification in groups/categories, and the calculation of the similarity to groups. On 
one hand, the similarity to the entire dataset allows the prediction of the activity based 
on nearest neighbours. On the other hand, the calculation of the similarity to pre-
defined dataset groups allows the classification between the groups, and each 
compound is assigned a probability to belong to each group. Finally, it is also possible 
to perform read across on a case by case basis, by calculating the weighted similarity 
of nearest neighbours or most similar compounds. The implementation of prediction 
and classification is based on Weka data mining software [10].  
2.1. Similarity indices 
Toxmatch allows the calculation of several types of similarity indices (described 
below) [11]-[12]. Similarity indices can be arranged in a symmetric matrix, where 
each element ZAB corresponds to the pairwise comparison of molecule A with 
molecule B, and the diagonal is composed by self-similarities. Toxmatch provides the 
upper triangle of the similarity matrix.  
a) Descriptor-based similarity indices 
Descriptor-based similarity indices are calculated on the basis of the descriptors. The 
strength of this method relies on the use of descriptors relevant for the mechanism of 
toxicity of interest. For the descriptor-based similarity, the calculated distance is the 
averaged distance between the point and its k nearest neighbours. 
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a1) Distance-like dissimilarity (D-class) indices range from 0 (total similarity) to 
infinity (complete dissimilarity), if they are not normalised. The generalised formula 
can be expressed as follows:  
( ) ( )[ ] 212/, ABBBAAAB xZZZkxkD −+= ; [ )∞= ,0ABD , (1) 
where ZAB is the distance between two objects A and B, and k and x are scalars.  
When k=x=2, the previous equation reduces to the Euclidean distance index: 
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Where xjA, and xjB are the coordinates of position of the molecule and A and the 
molecule B, respectively.  
a2) Correlation-like similarity (C-class) indices range from 0 (total dissimilarity) to 
1 (complete similarity). Tanimoto and Hodgkin – Richards coefficients can be 
extracted from the following generalised formula: 
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where DAB is the previously given definition of a D-class index. 
When k=2 and x=1, the previous equation corresponds to the Tanimoto coefficient: 
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For k=2 and x=0 the Hodgkin – Richards coefficient holds: 
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Alternatively, the Cosine-like similarity index, so-called Carbó index, can be 
calculated as: 
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b) Structure-based similarity indices 
In this case, the toxicity information can be extracted by specifying structural patterns 
based on fragment frequency. Three different structure-based similarity indices have 
been implemented in Toxmatch: 
b1) Fingerprints: bit strings which account for the presence or absence of molecular 
fragments within a molecule. 
b2) Atom environments (AE): arrays that contain counts of molecular features 
instead of binary bits, which are present at a certain topological distance. AE can be 
regarded as fragments, surrounding each atom in a molecule, up to a predefined level 
[13]-[15]. 
b3) Maximum Common Substructure (MCS): accounts for the largest substructure 
in common between two molecules. The MCS is calculated as the number of common 
elements provided by the matching conditions [16]. A measure of similarity obtained 
by the MCS between two compounds s and t is given by: 
( ) ( )
.( ) ( )
MCS MCS
st
s t
A B A BSI
A B A B
+ +
=
+ +
 (7) 
where (A+B) is the sum of atoms and bonds in the MCS of compounds sth and tth, 
respectively. 
c) Set of rules for specific activities  
Verhaar scheme performs classification into Mode of Action (MoA) groups by 
applying structural rules to predict aquatic toxicity [17].  
The BfR physicochemical and structural rules for the prediction of skin 
irritation and corrosion have been extensively reported in the literature [18]-[19]. The 
physicochemical rulebase is used to predict the absence of skin irritation, and the 
structural alerts are toxicophore fragments that predict skin irritation.  
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d) Clustering method 
Supervised learning techniques can be used in order to select the relevant chemical 
representations and classify them into toxicity classes. In this case, the composite 
(averaged) similarity measure between a compound and a selected subset of 
compounds is performed by k-Nearest Neighbours (kNN). This clustering algorithm 
calculates the average similarity between a query compound and the nearest k 
compounds, where k is arbitrarily chosen. The implementation is based on Weka Data 
Mining software kNN clustering [10]. 
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3. Work packages of the project 
3.1. Work package 1: Review 
The first step of the project was to write a scoping literature-based review on the field 
of similarity measures, and on the use of particular models/descriptors to predict a 
limited number of selected regulatory endpoints [20]. As a starting point, four 
endpoints were considered: aquatic toxicity, bioconcentration, skin sensitisation and 
skin irritation, where the latter two endpoints are important for animal-welfare 
reasons. 
3.2. Work package 2: Compilation of toxicity datasets  
The software tool provides training data sets for the four predefined toxicity 
endpoints. In particular, datasets were compiled containing experimental data 
obtained for the fathead minnow test (fish toxicity), the bioconcentration factor, the 
mouse local lymph node assay (sensitisation), and the EU classification phrases for 
skin irritation and corrosion. This work package included an evaluation of chemical 
diversity and data quality within the datasets, and the structuring of the data in an 
appropriate platform.  
3.3. Work package 3: Examination of existing literature  
Existing literature was examined to identify the structural/chemical factors that drive 
the endpoints.  
3.4. Work package 4: Development of a user friendly software tool  
Based on the evaluation in work package 3, the most promising rules were coded into 
a computer platform for automated use. This work requires considerable computer 
programming expertise, and was outsourced to a contractor (Nina Jeliazkova, 
Ideaconsult Ltd., Sofia, Bulgaria). Training documentation on how to use the software 
was also developed. 
3.5. Work package 5: Capacity building and beta testing 
A training course on Toxmatch was organised by the contractor to a limited number 
of experts, who tested the functionalities of the software, performed the beta test 
report on the performance of the tool, and suggested improvements to the user 
manual.  
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3.6. Work package 6: Dissemination of results  
In the final stage, innovative scientific work applying different functionalities of the 
tool has been carried out and presented at several scientific conferences with 
international scope [21]-[23]. The prototype will subsequently be disseminated as a 
downloadable program from the ECB website [9], following any necessary 
modifications. 
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4. Important dates and deliverables 
The official start date of the contract was 22/12/2005 and the formal end date was 
21/09/2006 (i.e. nine months later). Later the contract was postponed three extra 
months 21/12/2006. 
4.1. First deliverable: review ‘Similarity in toxicology’ 
Completed by 3rd April 2006. 
As a first deliverable of the project, the contractor conducted a review of chemical 
similarity and their application in chemical categories for specific endpoints [20].  
4.2. Second deliverable: first face-to-face meeting and minutes 
Held on 19th and 20th April 2006. 
Discussion and dialogue to feed in ideas and recommendations from the various 
REACH Stakeholders such as those within the EU QSAR Working group, OECD 
QSAR group, and RIP 3.3.  
The aim of the visit of the contractor was to consider recommendations and 
discuss the next steps of how the tool would be developed. The topics treated in this 
meeting were:  
- Presentation on the similarity review (slides summarising the review and 
highlighting areas of specific interest or difficulties were presented) 
- Proposed recommendations and ideas for next steps (interim report) 
- Discussion and agreement on next steps including foreseen milestones/ 
deliverables 
- Contract timelines and postponement of the contract 
- Publications arising out of the contract work  
- Discussion of parallel synergistic activities on categories and impact on 
this work 
As a result of the first face-to-face meeting, some detailed minutes were compiled. 
4.3. Third deliverable: beta-prototype  
11th October 2006  
The similarity tool was in good shape and with many features running (some 
screenshots circulated) but not yet released. 
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Plan to implement unambiguous BfR rules. It was agreed that physicochemical 
exclusion rules could be either entered manually one by one or read from a file 
specified by the end-user (i.e. experimental values available), or calculated on the fly 
by using batch processing or single entry mode [24] (i.e. no experimental data 
available). 
4.4. Fourth deliverable: Release of different versions 
4.4.1. Version 1.00 
Released on 1st December 2006.  
The first downloadable version with a Windows installer was released from 
http://ambit.acad.bg/Toxmatch/ (user: jrc, password: Toxmatch). 
4.4.2. Version 1.01 
Released on 18th January 2007.  
The BfR rules were additionally implemented as a Toxtree plugin1 and could be tested 
also within Toxtree interface [25]. The updated Toxtree 1.12 was also downloadable 
from the same website [9]. Toxtree and Toxmatch are independent, and the BfR rules 
can be applied from one program or another.  
4.4.3. Version 1.02 
Released on 5th February 2007.  
Further improvements were incorporated. 
4.4.4. Version 1.03 
Released on 23rd March 2007. 
Improvements resulting from the first comments from the beta testing procedure were 
incorporated.  
                                                 
 
1
 Toxtree is a flexible and user-friendly open-source application that places chemicals into categories 
and predicts various kinds of toxic effect by applying decision tree approaches, developed by 
Ideaconsult, Ltd. 
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4.5. Fifth deliverable: training course on the software 
Delivered on 7th February 2007 by Nina Jeliazkova (Ideaconsult Ltd), in the ECB 
(Ispra, Italy). 
4.6. Sixth deliverable: Beta-test of the software 
It started after the release of version 1.02 and has been used as a feedback to improve 
the subsequent versions of Toxmatch. It has been compiled in the present document. 
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5. Overview of the evaluation of Toxmatch 
The following items have been addressed for the evaluation of Toxmatch software, 
based on its different released versions: 
- Evaluation of the software technical content (implemented descriptor and 
structure-based similarity measures) 
- Evaluation of the user-friendliness of the software 
- Evaluation of the tool utility (basic statistics analysis, similarity indices, 
graphical user interface) 
- Identification of possible errors 
- Discussion of practical issues, such as the software general performance, 
time processing, capability to process big data matrices 
- Additional comments and suggestions for further improvement 
 
 During the process of evaluating Toxmatch, there has been a close contact 
with the contractor Nina Jeliazkova (Ideaconsult, Ltd). Errors and various technical 
problems during the evaluation process have been continuously corrected. Although 
various aspects of the performance of Toxmatch have been evaluated during this 
process, further errors or technical problems may inevitably be discovered when the 
software will be applied for specific problems. 
 As a consequence of the close contact with Ideaconsult Ltd. during the 
evaluation process, this report will summarise the findings that have been corrected in 
further version(s) of Toxmatch. It should be noted that these are not error prohibitive 
for a proper operation of the software, but solely suggestions to improve the user 
friendliness and performance. The release of Toxmatch to a broader audience is 
assumed to further contribute to the release of further improved version(s) of the tool. 
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6. Identification of technical imprecision and errors  
6.1. Version 1.01 
When an arbitrary (not predefined) training set file is opened, some functionalities 
coded in the configuration option are missing:  
- In order to import a given activity as the endpoint for the training set, the program 
expects a Result field to exist in the training set file (i.e. a column in CSV/XLS file or 
a field in SDF file). This is already fixed in version 1.02. 
- The Euclidean distance index and maximum common substucture methods are not 
implemented. This is already fixed in version 1.02. 
- Euclidean, Cosine, Hodgkin-Richards, and Tanimoto indices allow discriminating 
between similarity to the group and to the dataset, while fingerprints and atom 
environments only allow calculating the similarity to the dataset. This is due to the 
internal implementation and is changed in version 1.02.  
6.2. Version 1.02  
It mainly addresses the following problems: 
- When loading an arbitrary training set, a window asking to transfer and configure 
the meaning of fields from the file appears (three tabs are available: Identifiers, 
Descriptors and Result). For a field to be considered as the endpoint, it should be 
moved into the Results tab. However, when using a test set, it does not recognise the 
endpoint field to be predicted, even if it was previously transferred into Results tab. 
- When opening a test file, it is possible to establish a correspondence between the test 
set and the training set descriptors. To do this, the user should click on the second 
column, and this should bring a list with the available descriptor names in the training 
set. 
- Euclidean distance index and maximum common substucture methods are 
implemented. 
- Nearest neighbours classification and prediction to structural similarity methods are 
added. Thus, fingerprints, atom environments and maximum common substucture 
methods are not only able to calculate similarity values as in the previous version, but 
are also able to behave in the same way as descriptor based similarity, i.e. predict 
endpoint values or perform classification. 
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- Some misleading headings are changed, i.e. Similarity to entire data set by 
Calculate smilarity and predict activity and Similarity to groups by Calculate 
similarity and classify into groups.  
- When selecting groups for the test set it is not possible to change the colour of the 
groups. This is amended in version 1.03. 
 - It is not possible to run the BfR rules implemented in Toxtree because of the 
naming of the descriptors. This is amended in version 1.03. 
- The statistics provided when trying to predict the activity are the same in all the 
similarity calculations, irrespectively of the similarity index used. Thus, the statistics 
report only for the first index calculated, and for the next calculation the Status 
window is not updated. This is amended in version 1.03. 
- The diagonal of the similarity matrix is zero for Euclidean, Cosine, Hodgkin-
Richards, and Tanimoto indices. However, for correlation-like indices (i.e. Cosine, 
Hodgkin-Richards, and Tanimoto) it should be the unity (1 for complete similarity 
and 0 for complete dissimilarity). This is done for compatibility with the underlying 
data mining engine, which needs dissimilarity rather than similarity functions (i.e. 1-
Index instead of Index). This is amended in version 1.03. 
6.3. Version 1.03 
It mainly includes the following improvements: 
- The Open menu offers two different possibilities: Open > Predefined sets for 
benchmark datasets already stored in the database of the program and a more general 
Open option for arbitrary datasets selected by the user. 
- When loading a test set, the program tries to recognise automatically the headings 
corresponding to Identifiers, Descriptors, and Endpoint.  
- The editing functionalities of the application to select groups have been significantly 
improved. It is possible to select the colour of the different groups for the training and 
for the test set. The options Create groups for all available parameter values and 
Update values when creating a new group have been added.  
- The program deals in a more intelligent way with missing values than the previous 
version, assigning the value of zero to missing descriptor values.  
- Yet another improvement when running the BfR rules is the provision of a single 
screen with all the missing values for each compound.  
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- Some functionalities of the Similarity menu have been restricted according to the 
nature of the endpoint. If the endpoint has a numerical continuous value, only the 
option Calculate similarity and predict activity is available. Similarly, if the endpoint 
has discrete (classification) values, only the option Calculate similarity and classify 
into groups is available.  
- Some slight editing modifications have been added into the Chart area (more details 
are given in the Graphical inferface subsection). 
- The appearance of the Similarity histogram area has been modified. Every time that 
a similarity calculation is run, the histogram is updated. In contrast to the previous 
version where the histogram displays all the calculations performed in the session by 
adding different similarity tabs corresponding to different similarity measures, in 
version 1.03, only the last similarity measure computed is visualised in the histogram.  
- The histogram for similarity calculations when doing predictions is built upon 
distance values. When a classification is performed, the histogram displays the 
probability of chemicals to belong to each class, instead of the value of distance.  
- The Similarity matrix area has been modified. It is updated every time that a 
similarity calculation is performed, and it includes the possibility to select the most 
similar compounds to a given chemical, by a user-defined threshold. This option is 
very useful to perform read across on a case by case basis. It is possible to export the 
similarity indices of the superior triangle of the pairwise similarity matrix as a CSV 
file, and also to save a PNG image file of it. 
- The statistics are provided in the submenu Similarity > Explore similarities. 
Although this functionality is very useful, its location is not very intuitive. 
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7. Comments and suggestions on different issues 
In the following section, a series of observations and suggestions for further 
improvement of Toxmatch (marked with ) are given in alphabetical order: 
7.1. Classification by using sets of rules 
Toxmatch is able to handle datasets where one or more descriptor values are missing. 
However, when predefined classification systems are applied for specific activities 
(i.e. the application of the BfR rules), the program prompts the end-user for every 
single missing descriptor value. In the case of dealing with a large number of 
compounds, this is not very efficient. Indeed, it is not possible to cancel the window 
asking for missing descriptor values until the values for all the compounds have been 
examined. 
 It would be desiderable that the program ignored the missing values and included 
a warning at the end of the calculation. 
 The program does not provide any converter between units for a given descriptor, 
and what is more important, is not able to recognise the comma as a decimal 
separator. It would be useful to amend these problems or, at least, to specify this 
limitations in the documentation. 
7.2. Graphical interface 
The main Toxmatch application window comprises training and test set data areas, 
and a visualisation area which is very useful. The implemented facility to investigate 
the coverage of the chemical space is also very useful.  
Toxmatch software allows saving various parts of the output. The chart plots 
and the similarity histograms can be exported as PNG image files. Furthermore, it is 
possible to perform a zoom, and change range options.  
 The graphical interface allows changing the display of the title of the chart and 
plot properties, i.e. label, format, ticks, and range of x and y axes. The same holds for 
the similarity histogram. 
 Suggested improvements/modifications: 
 When classification into groups is performed, the obtained graphic 
Type_of_index.Group versus Type_of_index is a horizontal line. This is because 
Type_of_index.Group is normally not a numeric value, but a label, and the chart can 
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not display it and instead shows only zeros on that axis. Another kind plot should be 
designed to display classification results. 
 It would be useful to include an option that allows manipulating the chart plots to 
a specific customized look (i.e. modifying the size of the symbols in the plots, setting 
different symbols for different groups, and changing the scale of the chart). 
 In graphical representations, the identifier for each chemical (point) is temporally 
visible by pointing the point with the mouse and it can also be visualised by choosing 
a user-defined label. However, it is suggested to include an option that allows 
exporting subsets of chemicals, with the corresponding labels.  
 The similarity histogram is cleared and updated automatically. However, it would 
be desirable to have the possibility to choose which/how many similarity measures are 
visualised in the histogram for comparison purposes. Secondly, it seems that the 
Range editing function for the axes is not working properly in all the cases. Third, the 
histogram for the training set and the histogram for the test set have been unified in a 
single histogram. This option should be not prescribed, but selected by the end-user. 
7.3. Help file and capacity building 
Version 1.03 does not contain a proper help file. However, an installation and a use 
manual are provided. The user manual appropriately describes the various aspects of 
the software capabilities and guides to the operational use of the software. However, a 
comprehensive theoretical description on the similarity measures implemented, and 
some simple numerical examples including the interpretation of the results are still 
missing in the documentation.  
Suggested improvements/modifications: 
 Toxmatch is a powerful application, but is not intuitive in terms of the theory 
behind the calculation of similarity indices, and in terms of use. To exploit fully its 
functionalities training and more extensive supporting documentation are required. 
 To include a more extensive and detailed help file/user manual with a theoretical 
scientific section that provides a simple explanation and the formulas used to calculate 
the similarity indices. The use of these indices possibly should be illustrated by 
selected numerical examples. Reference(s) to appropriate literature should be given 
thorough the help file. 
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7.4. Import/Export 
Data can be imported from and exported to a number of different formats: *.sdf, *.csv 
(comma delimited), *.smi (SMILES), *.txt (tab delimited), *.mol (MDL/MOL), *.ichi 
(ICHI), *.inchi (InCHi), *.cml (chemical markup language), *.hin, *.pdb, and *.xls 
(Microsoft Office Excel).  
For the input, there are a number of fields which should be complimented (i.e. 
Identifier, Descriptors, and Result). 
Suggested improvements/modifications: 
 It would be advisable to have the possibility to export statistic results.  
7.5. Installation 
The first beta version of Toxmatch 1.00 was received by the ECB by 1st December 
2006, as a link to the appropriate site where from the software could be downloaded. 
Subsequently, beta versions 1.01, 1.02, and 1.03 have been installed. Eventually the 
lat version Toxmatch version 1.03 was received on 23rd March. In all cases the 
software was installed without problems. 
7.6. Large datasets 
Toxmatch can import without problems large datasets; thus, datasets as large as 
1341x16 has been tested and Toxmatch works without problems. However, it should 
be noted that the calculation of some similarity indices becomes cumbersome with 
large datasets. 
Toxmatch software performs most similarity calculations in a reasonable time.  
 The calculations to predict skin irritation on the 1341x16 dataset were performed 
within approx. 12 seconds (Euclidean distance, Cosine, Hodgkin Richards, 
Tanimoto), 14 seconds (fingerprints) and 50 seconds (atom environments), 
respectively, on an ordinary desk computer (Intel ® Pentium ® 4CPU 3.00 GHz 0.99 
GB of RAM). 
Suggested improvements/modifications: 
 Maximum common substructure and atom environment calculations for 
classification are extremely slow, and almost impossible to calculate in reasonable 
time for a large number of structures. 
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7.7. Similarity indices and measures 
 Several descriptor-based similarity methods and classification techniques are 
included in Toxmatch. However, the definition of the similarity indices implemented 
is not available in the user manual. Similarly, simple examples demonstrating the 
applicability of similarity indices have not been included. 
 When using non predefined sets, elements of the similarity matrix (i.e. Euclidean 
distance index) are above the unity some are. The values should be scaled to 1. 
7.8. Stability 
 Toxmatch provides a stable platform for work and even if sometimes it might take 
a long time to complete a calculation, it is rarely found to crash. Only in few cases for 
cumbersome calculations the application must be stopped and reopened.  
7.9. User configuration file 
 The user configuration option is an XML field which is not very user-friendly. It 
would be advisable to have the possibility to configure the various options by means 
of a window-based interface, exportable to the configuration file. 
7.10. User-friendliness 
 When getting acquainted with the Toxmatch software, which is not 
straightforward, the software appears as quite user-friendly and easy to work with. 
However, more information is required for a comprehensive user manual, and also 
capacity building activities are strongly encouraged. 
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8. Overall performance of Toxmatch / Conclusions 
The evaluation version of Toxmatch proved to be a valuable, powerful and robust 
software application for assessing the similarity of chemicals. Overall Toxmatch 
performs rather well. It operates in a user-friendly way and the results are often 
reached rapidly even in the case of larger data sets. However, Toxmatch is not very 
intuitive in terms of the theory behind the calculation of similarity indices, and is quite 
complex in terms of use.  
Some of the comments and instabilities observed in the first versions have been 
already addressed; other comments may be more appropriate to be dealt with in future 
developments. A series of minor points for further improvement, applicability and 
user-friendliness has been already outlined. 
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Abstract 
Toxmatch is a software tool that provides a means of grouping chemical substances according to various 
measures of chemical similarity. It is designed to support the formation of chemical categories and the 
application of read-across within the hazard and risk assessment of chemicals. Such a tool will be useful 
for scientific researchers, for end-users in industry, for regulatory authorities, and for the EU Chemicals 
Agency. 
Toxmatch was developed by Ideaconsult Ltd (Sofia, BG) under the terms of a JRC-ECB contract. It is a 
flexible user-friendly, computer-based open source application which is accessible via internet. It encodes 
and applies a range of different structural and descriptor based chemical similarity indices. The novelty of 
this software lies in its ability to calculate similarity measures that are tailored for specific 
activities/toxicities. Thus, relevant chemical representations can be selected for a given activity and the 
chemicals of interest can hence be classified into toxicity classes.  
The present document summarises the beta testing of Toxmatch, reporting general comments and 
suggestions for further improvement. 
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